Association of Youth Triponderal Mass Index vs Body Mass Index With Obesity-Related Outcomes in Adulthood
Debate continues on the limitations of using body mass index (BMI) to assign youth overweight/obesity status. Calculated as weight in kilograms divided by height in meters squared, BMI might not be applicable in youth during periods of rapid growth. Although recent evidence has indicated that triponderal mass index (TMI, calculated as weight in kilograms divided by height in meters cubed) might have better accuracy in estimating youth body fat levels than BMI, 1 its clinical importance in estimating adulthood outcomes has not been examined. Therefore, we assessed whether youth TMI and its combination with BMI or subscapular skinfold thickness (SST), compared with BMI alone, have better utility in estimating adult obesity-related outcomes.
Methods | From September 15 to December 5, 1980, a total of 3596 participants aged 3 to 18 years were randomly selected from the national register in the Cardiovascular Risk in Young Finns Study, 2 which found an association between youth risk factors and adult cardiometabolic outcomes. Participants were followed up in 2001 (October 1, 2001 , to January 21, 2002 ), 2007 (January 2, 2007 , to February 13, 2008 ), and 2011 (January 10, 2011 , to March 27, 2012 . Excluded participants had type 1 diabetes (n = 20) or were pregnant at follow-up (n = 91). Our analyses, performed from April 1 to June 30, 2018 June 30, , included 2626 participants who had weight, height, and SST measurements from baseline and obesity-related outcomes from follow-up. Participants or their parents gave written informed consent, and the study was approved by the Joint Commission on Ethics of the Turku University and the Turku University Central Hospital. Abbreviations: AUC, area under the receiver operating characteristic curve; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); cIMT, carotid intima-media thickness; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NA, not applicable; NRI, Net Reclassification Improvement; OR, odds ratio; SST, subscapular skinfold thickness; T2D, type 2 diabetes; TMI, triponderal mass index (calculated as weight in kilograms divided by height in meters cubed). a Age included in the model.
b Statistically significant (compared with BMI alone for AUC and NRI).
c High cIMT was defined as a cIMT in the 90th percentile or greater for age-, sex-, and study year-specific values; hypertension, systolic blood pressure of 140 mm Hg or higher, diastolic blood pressure of 90 mm Hg or higher, or self-reported use of blood pressure-lowering medication; LDL-C level of 160 mg/dL or higher or taking lipid-lowering medication; and HDL-C level of 40 mg/dL or lower. Type 2 diabetes (T2D) was confirmed if participants had a fasting plasma glucose level of 126 mg/dL or higher (to convert to millimoles per liter, multiply by 0.0555), had conditions diagnosed by a physician, had a hemoglobin A 1c level of 6.5% or greater (to convert to proportion of total hemoglobin, multiply by 0.01) at the 2011 follow-up, used glucose-lowering medication at the 2007 and 2011 follow-up visits (including metformin, pioglitazone, glyburide, vildagliptin, and sitagliptin), or had T2D confirmed by the National Social Insurance Institution Drug Reimbursement Registry. Other adulthood outcomes were obesity (BMI, ≥30), hypertension, abnormal low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and high carotid intima-media thickness as previously defined.
3 Mean SST was obtained from 3 measures using Harpenden skinfold calipers. To estimate and compare the association of youth BMI, TMI, SST, or their combinations with adult outcomes, logistic regression was used to estimate the odds ratio (OR) and area under the receiver operating characteristic curve values. The category-free net reclassification index was used to quantify the improvement in the association when a new marker (TMI or SST) was added to the model. Youth BMI had the best or an equal association with adult outcomes compared with TMI and SST (Table) . The combination of TMI or SST with BMI did not improve or marginally improved the association compared with BMI alone. These findings remained similar after including age in the model. Discussion | Although superior to BMI in estimating body fat in adolescents, 1 TMI or its combination with BMI or SST did not outperform BMI alone in estimating adult obesity-related outcomes in our study. This study had long-term follow-up, which allowed the examination between child obesity measures and clinically important outcomes in adulthood. An inherent issue for longitudinal studies, loss to follow-up, in this cohort was not differential from the original representative sample. 3 One explanation for the study findings is that TMI does not account for fat distribution, 4 which has been associated with the risk of developing T2D. 5 The SST alone or in combination with TMI had comparable utility with BMI, suggesting that fat distribution might be more important than body fat percentage in determining T2D. In addition, TMI does not distinguish fat mass from muscle mass, although low muscle mass has been associated with an increased risk of incident T2D, independent of general obesity. 6 Future studies should determine whether youth muscle mass is associated with adult obesity-related outcomes. approved by the institutional review board of The Johns Hopkins University, which waived the need for informed consent for the use of publicly available data. As previously described, sampling weights were used to obtain nationally representative estimates. Mortality in the ED or hospital was defined as any death occurring during the visit or admission, respectively.
2 Total charges for the ED visit or inpatient admission were extracted for each record, as appropriate. Data from the US Department of Labor Consumer Price Index were used to adjust for inflation to the nearest 2018 US dollar.
4
Data from the US Census were used to calculate age-and sexspecific population estimates by dividing national estimates from the NEDS by the total number of individuals and reported per 100 000. 5 Data were analyzed from February through April 2018 using Stata software (version 14.0; Stata Corp).
Results | We identified a weighted sample of 75 086 ED visits (11.3 ED visits per 100 000 individuals) for patients younger than 18 years (86.2% male and 13.8% female; mean [SD] age, 14.8 [3.3] years) who presented to the ED after a firearm-related injury. Over time, ED visits for firearm-related injuries were observed to vary, decreasing initially until 2013, and then increasing from 2013 through 2014 (Figure 1) . Emergency department visits for firearmrelated injuries were more than 5-fold higher for male patients compared with female patients, a trend observed consistently for all years of the study; the highest incidence was among male patients aged 15 to 17 years (85.9 ED visits per 100 000 individuals).
The most common intent of injury was an assault (49.0%), followed by unintentional injuries (38.7%) and suicides (2.0%). Among all patients presenting to the ED, 35.3% were admitted to inpatient care for further management; overall mortality was 6.0% (ED, 3.6%; inpatient, 6.6%). The median ED and inpatient charges were $2445 (interquartile range, $1318-$5191) and $44 966 (interquartile range, $21 156-$91 771), respectively, and increased with time ( Figure 2) . Total charges associated with these injuries amounted to $2.5 billion (ED, $259 million; inpatient, $2.24 billion) or a mean of $270 million per year.
Discussion | Although previous studies have sought to report on pediatric firearm-related injuries, they have been limited to single-center reports or statewide analyses. The present study represents, to our knowledge, the first and largest nationally representative study characterizing ED visits for firearmrelated injuries among patients younger than 18 years. Our results are subject to limitations inherent to the use of NEDS. 6 First, misclassification or miscoding of variables may have occurred. Second, because we were unable to follow up patients after discharge, we may have underestimated the mortality and charges associated with firearm-related injuries. Last, 
